Objective: To compare gastric emptying of a solid and a liquid nutritional rehabilitation food. Design: Cross-over trial. Eight volunteers took, in random order at least 1 week apart, 2100 kJ of a solid and a liquid nutritional rehabilitation food with added labelled [
Introduction
Weight gains during recovery from malnutrition are mainly related to energy intake (Waterlow, 1961; Ashworth, 1974; Brooke & Wheeler, 1976) . To achieve high energy intakes, the WHO recommends in its guidelines for treatment of severe malnutrition giving a diet called F100, providing 420 kJ=100 ml, prepared by mixing dried skimmed milk, oil, sugar and vitamins and minerals (World Health Organization, 1999) . This WHO liquid food (LF) leads to high weight gains, but has the disadvantage of requiring perfect hygiene during preparation to avoid bacterial proliferation. As a result, it is often recommended to keep malnourished children in hospital or a nutritional rehabilitation unit to feed them with LF until they achieved the desirable weight for height. This is not cost-effective because of the high indirect costs associated with hospital admission (Ashworth & Khanum, 1997) .
To shorten duration of hospital treatment, or to facilitate home-based nutritional rehabilitation, it has been proposed to replace the WHO LF diet with a spread, which has a nutritional composition, in relation to energy, that is similar to WHO LF (Briend et al, 1999) . This ready to use solid food (SF) can be eaten directly by the child, without addition of water, avoiding the risk of bacterial contamination. SF does not contain any water and experimentally added bacteria do not grow in it (Briend et al, 1999) .
High meal viscosity may delay gastric emptying and increase satiety (Marciani et al, 2000) , but the extent of this effect is not clear (Vesa et al, 1997) . Gastric emptying is delayed in cases of severe malnutrition and is associated with nausea, vomiting and gastric fullness (Franco, et al, 1985; Rigaud et al, 1988) . SF has a high viscosity, similar to peanut butter, and in theory SF may accentuate delayed gastric emptying observed during malnutrition and increase associated side effects.
This study examines gastric emptying of SF compared to WHO LF in healthy adult volunteers to determine whether side effects associated with delayed gastric emptying should be anticipated when this food is used in severely malnourished children.
Subjects and methods

Subjects
Eight healthy volunteers, five women and three men, with a mean age of 29 y (range 20 -41) took part in the study. They had no history of previous gastrointestinal surgery. The subjects' mean body mass index was 21.5 kg=m 2 (range 19.0 -24.5). All subjects gave written informed consent before inclusion in the protocol. The protocol and the consent form were approved by the Lariboisière-Fernand Widal-Saint Lazare Hospital Ethics Committee.
Study design
The liquid and the solid test meals were given to the subject at an interval of at least 7 days in a random order. The test began at 8 am after an overnight fast and lasted 4 h. All test meals were consumed at the beginning of the test within less than 10 min. Water was offered ad libitum after the solid meal. At the beginning of the study and then for 4 h after ingestion of the test meals subjects blew every 15 min into 250 ml aluminium-coated plastic bags fitted with a water removing device (Quintron, Milwaukee). Subjects refrained from eating, drinking or smoking during the measures.
Test meals
The composition of the test meals is shown in Table 1 . The liquid meal corresponded to the LF formula recommended by WHO during the rehabilitation phase of the treatment of severe malnutrition. It was made of dried skimmed milk with added carbohydrate, fat and vitamins and minerals. The solid SF had a nutritional composition similar to WHO LF. To achieve this, the same basic ingredients were used, but part of the dried skimmed milk was replaced with groundnut butter and lactoserum (Table 1) . It looked and tasted like peanut butter. The two test meals contained 2100 kJ. Four hundred and ten millilitres of water were added to powder LF before consumption. The volume of SF was 92 ml compared to 500 ml for LF after dilution. Just before serving, 100 mg [
13 C]glycine (99 atom percent; Euriso-top, Saint Aubin, France) were added to the meals and thoroughly mixed.
Analysis
For the measurement of breath 13 CO 2 , samples were transferred from the collection bags into 10 mL Exetainer vacuum tubes (Labco Ltd, Buckinghamshire, UK) and analysed by on-line gas chromatography using an isotoperatio mass spectometer (RoboPrep; Tracermass Stable Isotope Analyser, Europa Scientific, Crewe, UK; Guilluy et al, 1991) . The measured d
13 C was transformed to 13 C atom percent (AP) with the formula (Normand et al, 1992) :
where R is the ratio of 13 C to 12 C of the international standard Pee Dee Belemnite (PBD) (R ¼ 0.112372) and d 13 C the value of the sample. The calculated AP was then transformed into the AP excess (APE) with the following formula:
where APs is the sample AP and APb is the basal value measured before ingestion of the test meals.
The results of 13 CO 2 measurements were expressed as a percentage of the administered dose of 13 C recovered in breath per hour (% 13 C dose=h). Carbon dioxide production per hours was calculated assuming a production of 300 mmol Á m 72 from the formula:
The body surface area was calculated according to the formula of Haycock et al (1978) .
Calculations and statistical analysis
The 13 C recovery percentage curve was fitted to the two following formulae:
where t is time (in hours) and a; b; c; m; k are parameters determined by iteration to minimize the differences between the fitted curve and measured results by the least square method (Maes et al, 1994) . The Microsoft Excel solver function was used for these iterations. Three parameters describing gastric emptying were calculated from the obtained constants: gastric emptying half time
ÞÞ; time of maximal gastric emptying ðt max ¼ b=cÞ which corresponds to maximal excretion of 13 CO 2 ; and the gastric emptying coefficient ðGEC ¼ 1nðaÞÞ Á t 1=2 was corrected by taking into account the 70 min needed for the absorption, metabolism and excretion of 13 C (Maes et al, 1994) . Means were compared with two-tailed paired t-tests. All statistical analyses were performed with the statistical functions of Microsoft Excel.
Results
The 13 C-excretion curves observed after ingestion of the two test meals are shown in Figure 1 . The SF curve was shifted to the right compared to the LF.
13 C-excretion levels were slightly higher for LF at the beginning of the test, without reaching statistical significance but after 120 min, the 13 C-excretion became higher for SF. Analysis of variance for repeated measures of 13 CO 2 excretion showed a significant interaction term between the type of food and time indicating a delayed elimination of 13 CO 2 for the solid food (P ¼ 0.018).
Gastric-emptying half time, t max , and GEC for the two test meals are reported Table 2 . They are consistent with a delayed gastric emptying for SF, but only differences in t max reached borderline significance (P ¼ 0.06).
Discussion
This study suggests that gastric emptying of [ 13 C]glycine added to the test meal is delayed for SF compared to LF, probably reflecting a slower gastric emptying.
SF and LF are complex high-fat foods, and their pattern of gastric emptying may not perfectly match the excretion of added glycine. [
13 C]glycine excretion only reflects the gastric emptying of water soluble part of the diet. The high viscosity of the SF may also have slowed down gastric emptying of the other components, but in the absence of specific marker of non water-soluble components, firm evidence is lacking.
The delayed gastric emptying observed in this study may be related to the higher viscosity of the SF. An effect of meal volume is also possible, meals with larger volume being emptied from the stomach faster than small meals (Doran et al, 1998) .
The observed delay of gastric emptying of SF compared to WHO LF corresponds to about 13 min when estimated by difference in gastric emptying half-time and 19 min when compared with t max . These differences are small and it is not clear whether they may have clinical implications. Yet, the difference may be larger in malnourished children who already have a delayed gastric emptying.
This study suggests that gastric emptying of SF is slower than for LF. In theory, giving SF to severely malnourished children may result in more frequent nausea and vomiting. On the other hand, delayed gastric emptying may improve lactose digestion and reduce gastrointestinal symptoms in lactose intolerant subjects (Peuhkuri et al, 1999) . There is some evidence that proteins slowly released from the stomach may improve protein balance compared to quickly emptied proteins, which also indicates that delayed gastric emptying may be an advantage when feeding wasted subjects (Boirie et al, 1997) . Studies in malnourished children are needed to determine whether this slightly delayed gastric emptying has clinical implications. 
